Abstract. Pemphigus vulgaris is an autoimmune disease associated with an autoantibody directed against a keratinocyte membrane antigen. The purpose ofthis study was to purify the human pemphigus vulgaris antigen, to produce an antibody to this antigen, and to use the antibody to induce pemphigus in newborn mice. Various techniques to extract the membrane-rich pellet from human epidermal homogenate were compared; 1% sodium dodecyl sulfate (SDS) and 1% dimethysulfoxide proved to be superior to extract the pemphigus vulgaris antigen. This antigen was identified by transfer blotting to nitrocellulose paper, incubated with pemphigus vulgaris serum, or 20 control sera, and detected with fluorescein labeled antisera to human IgG.
Introduction
Pemphigus vulgaris (PV)' is an autoimmune disease characterized by erosions and blistering of mucous membranes and skin. It has been proposed that an IgG autoantibody binds to a membrane antigen and causes the release of a protease that leads to acantholysis and bulla formation (1) .
Since Buetner and Jordan (2) Characterization of the pemphigus antigen from numerous sources has been reported (7, 8, 9, 10 Membrane extraction. Human skin was removed from five belowthe-knee amputations (1 m2) and trimmed of excess fat. The skin was then immersed in a 56°C-water bath for 30 s, which separated the epidermis from the dermis as previously shown (14) . The 
Results
Assays. The immunoblot ofconcentrated (pooled or individual) normal patients' serum detected only an autoantibody directed against an -3,000-mol wt protein (Fig. 1) . The autoantibody was present in all individual normal cases. This autoantibody was also present in the serum from the PV patient, but in addition, an autoantibody against a 33,000-mol wt protein was also detected (Fig. 1) . This was presumed to be the PV antigen, and we used its presence as an indicator of a positive assay. Further support for this being the pemphigus antigen was provided by performing the assay with the same patient's serum at the time of clinical remission when direct and indirect immunofluorescence was negative. His serum was concentrated fourfold, but no 33,000-mol wt protein was detected. Additionally, we performed the immunoblot assay on the fourfold concentrated serum offive other patients with PV, and the assay The column was preequilibrated with standards ranging from Blue Dextran to cytochrome C. Active glycoprotein fractions from the previous column were applied at a flow rate of 6 m/h. 1 The pemphigus antigen migrated on AcA 54-column chromatography as a single peak at a molecular weight of 66,000 (Fig. 3) . Fractions 43-46 were pooled and subjected to 8 M urea-SDS PAGE. Fractions 36-42 did show the presence of PV antigen, but were not used in the pool due to contaminating higher molecular weight proteins. The glycoprotein migrated as a single distinct band at a relative molecular weight (Mr) of 33,000 and was positive by immunoblot assay (Fig. 4, A Table I .
Rabbit antibody to PV. Monospecific antibody to purified PV antigen was detected 1 wk after the third injection and is shown in Fig. 5 A. Preimmunization serum did not cross react with the antigen. A single line of identity is seen between the human and mouse preparations and the rabbit antibody. In Fig. 5 B, a single line of identity is seen between the concentrated human PV serum and the human pemphigus antigen. Indirect immunofluorescent staining of human epidermis showed an intercellular staining pattern similar to that seen with the PV 4,; ,H. . autoantibody from human serum (Fig. 6) , and concanavalin A blocked this staining.
Induction ofPVin mice. Approximately 36 h after the initial injection, 4/5 mice injected with the PV-specific rabbit IgG formed blisters over their bodies (Fig. 7) . No blisters were seen in the controls. Light microscopy revealed a suprabasilar split (Fig. 8) . Direct immunofluorescence showed a similar intercellular staining pattern as seen in Fig. 6 . Control mice were negative.
Discussion
From our immunoassay, it was apparent that, even in normal patients, circulating autoantibodies may be present. These may represent antibodies that are directed against stratum corneum, membrane (blood group, MN, etc.), or cytoplasmic antigens (17) . Grab and Inderbitzen (18) (20, 21) . We found that SDS was needed to solubilize antigen in quantities large enough to be detected by our assay system. SDS, a 288.4-D amphipathic molecule, is still the most widely used membrane detergent (22) and appeared not to destroy antigenic determinants during purification. By exhaustive dialysis (22) , enough SDS was removed to allow the two subunits to reaggregate before the affinity column step.
Concanavalin A-Sepharose affinity chromatography proved to be an excellent method to isolate glycoproteins from other membrane fractions. Lloyd (23) has shown that concanavalin A has a high degree ofaffinity for a-D-mannopyranosyl residues. This information led us to use a-D-mannopyranoside to elute the membrane glycoproteins off the column. Our antigen migrated at a Mr of 66,000 on gel filtration and at 33,000 on urea-SDS-PAGE. We used the trailing edge to pool to avoid contamination from the void volume. The exact molecular weight is uncertain, since glycoproteins are known to migrate anomalously (24) . Regardless, its weight correlates best with the human esophageal antigen reported to be 66,000 by sucrose density gradient ultracentrifugation (25) .
Direct evidence that this antigen and the rabbit antibody directed against it were important for blister formation was provided by our mouse model. The experimental design was similar to Anhalt et al. (26) . They intraperitoneally injected concentrated, PV sera and successfully induced pemphigus in neonatal mice. Earlier attempts had failed in monkey (27) and athymic nude mice (28) . These failures were presumably due to the inability to obtain high enough circulating autoantibody levels in the laboratory animals. Additionally, the neonatal mouse is an ideal model, since a mature immune system is lacking, this allows the injection of foreign material without rejection. In our study, data shown in Fig. 5 A suggests that the rabbit antibody was directed against the same cell surface antigen in mouse and human epidermis, since no spurs were present on the Ouchterlony plates. This paper presents definitive evidence that rabbit antibodies to a human pemphigus antigen induce a suprabasilar split and blister formation in mice. The events occurring after antibody binding that lead to acantholysis remain unknown.
